Abstract-In order to investigate the validity of bypassing treatment for aortic dissection, two-dimensional idealized geometry models of DeBakey III aortic dissection and its bypassing treatment were constructed. Computational simulations of physiological blood flow in these models were performed with the software of ANSYS using finite element method. After bypassing treatment, the blood flow velocity and the pressure in the false lumen of aortic dissection are both less than those before the operation. Bypassing can effectively reduce the pressure of aortic arch and ease the impulsion and stress of blood flow on the pathological dissection. Bypassing is an prospective surgical approach for the treatment of DeBakey III aortic dissection.
INTRODUCTION
Aortic dissection is a common fatal disease affecting the aorta. The presentation, investigation and treatment of aortic dissection are well described and commonly accepted in the literature [1, 2] . According to the classification of DeBakey, the aortic dissection includes three types, i.e., DeBakey I, DeBakey II and DeBakey III. Different therapeutic treatment should be employed to different aortic dissection type. Surgery is an effective and successful approach beside the medical treatment. Surgical approaches include "Elephant trunk" procedure [3] , Bentall procedure, Cabrol procedure, Wheat procedure, Robiscek procedure, David procedure, etc [2, 4, 5] , amongst which the endovascular stent-grafting is the most popular technique.
In 1979, Carpentier developed for the first time the thromboexclusion approach using bypass graft to treat DeBakey III aortic dissection [6] . Some cardiovascular surgeons found that bypass graft alone can also achieve great effects in this surgery. However, this surgical therapy is not widely popularized because the fundamental mechanisms in it have not been well understood yet. We believe that the hemodynamic changes after the operation are closely related with the effective bypass graft surgery, especially the changes of blood pressure and flow velocity in the dissecting region play a very important role [7, 8] .
Zannoli et al. considered the possibility of introducing a passive counterpulsating damper into the dissected aorta in order to limit the physical stress associated with ventricular ejection and increase the diastolic aorto-ventricular pressure gradient. Then a simulation experiment was carried out about it [9] . Angouras et al. analyzed the influence of blood flow on the aortic wall stresses and the aortic dissection by performing animal experiments [10] . Beller et al. and Zhang et al. investigated the aortic motion and mechanical properties of aortic dissection with experimental and numerical approaches [11, 12] . Although many literatures reported various studies on aortic dissection, few are related with clinical surgery mechanisms of aortic dissection.
The aim of the present study is to numerically simulate the hemodynamics of bypass graft treatment for DeBakey III aortic dissection using computational fluid dynamics (CFD) method, assess the hemodynamics feasibility of this therapy, and provide valuable surgical planning for the clinical treatment.
II. NUMERICAL METHOD
The idealized two-dimensional geometric models for the DeBakey III aortic dissection with and without the bypass graft are shown in Fig. 1 . The geometry parameters are decided according to anatomic data: the diameter at the entrance of the ascending aorta is 2cm; the diameter at the exit of the brachiocephalic trunk aorta is 0.52cm; the diameter at the exit of the left common carotid artery is 0.455cm; the diameter at the exit of the left subclavian artery is 0.429cm; the diameter at the exit of the abdominal aorta is 1.5cm. Different location of the anastomosis of the bypassing graft on the artery presents different bypassing approach. The approach of bypassing between left subclavian artery and abdominal aorta was employed in the present study, and the false lumen was assumed blind lumen. The proximal anastomotic angle is about °45 , and the distal one is about °30 .
In order to improve the quantity of mesh and the precision of calculations with limited element number, the whole model was divided into several domains which are then glued together to compose the finite element method (FEM) model, and different meshing schemes were employed in different directions or domains. Gradually finer non-uniform grids were employed in the radial direction near the wall. The vessel walls were assumed to be rigid and impermeable. The blood was assumed to be an isotropic, homogeneous, incompressible, Newtonian continuum having a constant density and viscosity. respectively. The period of the cardiac cycle is 0.8s assuming the heart rate of 75 beats per minute.
For the convenience of comparison, the boundary conditions in these two models are identical for the simulation. The boundary conditions for the simulation are: 1) At the inlet section of ascending aorta, longitudinal velocities with blunt or flat profiles are imposed according to the physiological flowrates measured in human body. Fig. 2 shows the longitudinal velocities at the entrance of ascending aorta in a cardiac cycle. 2) Zero velocity is assigned on all walls corresponding to no-slip flow conditions.
3) At the outlet sections of all the downstream conduits, a constant reference pressure is given as 0.
The physiological blood flows were simulated using the CFD module of the commercial FEM package ANSYS9.0 which is capable of computing the transient blood flow through the aortic dissection. In order to improve the precision of the calculation, three periods of computational simulation were performed.
III. RESULT AND DISCUSSION
The numerical simulations of physiological blood flows in the non-bypassed and bypassed models were performed primarily to analyze the difference between the physical variables of the flow field in these two models.
Typically take the time of the lowest velocity (0.312s) for example to analyze the flow patterns. The blood flow patterns in the two designed models are different (Fig. 3) . The area of low velocity at the entrance of false lumen became larger after the bypass graft operation. Table I and Table II show the comparisons of pressure and velocity respectively in the false lumen of the two models. The results illustrated that the pressure and blood flow activities in the false lumen decreased after the bypass graft operation. Especially, the two parameters are both obviously larger at the systole phase (0.08s and 0.24s) than that at diastole phase (0.312s, 0.36s and 0.72s). It is profitable for alleviating the propagation of aortic dissection and promoting the thromboexclusion of dissecting sac.
The obvious limitation of this work is that it was performed on the bases of two-dimmensional model and the FEM models were idealized. The three-dimmensional idealized or patientspecific models are preferred objects for clinical realityoriented numerical simulation. Meanwhile, numerical simulations of alternative operation schemes, such as ascending aorto-abdominal bypass graft, axillary arteryfemoral artery bypass graft, etc., are worthy of in-depth studies The data are all calculated according to the mean pressure on all nodes in the false lumens. The data are all calculated according to the mean velocity on all nodes in the false lumens.
in order to investigate the adaptability of each surgical strategy to different type of aortic dissection [13] .
The bypass graft treatment for DeBakey III aortic dissection attributes outstanding advantages compared with conventional endovascular stent-grafting procedures in such aspects as short operation time, low cost, little invasion and simplicity of operation, etc. This therapy can be widely extended to medium and small hospitals. Thus, it is a promising clinical procedure for the treatment of DeBakey III aortic dissection. However, continuous close follow-up examination is mandatory and long-term results have to be awaited to evaluate the real effectiveness of this therapy.
IV. CONCLUSION
The pressure and velocity in the false lumen decreased after the implantation of bypass graft, which is profitable for the alleviation of dissection propagation, and the promotion of dissection exclusion. The present numerical simulation confirmed the hemodynamics feasibility of the bypass graft therapy for the surgical treatment of DeBakey III aortic dissection and bypass graft can be a feasible alternative for the clinical application.
